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1 

#Ji££W^3$&3te3i^K:i3^T, 

ttiENM<7^b#y ^A^b^^^WIti> ^#fi$j« 

^b#y ^A^^fe^^iiii^^^tL/c^r.NM 
g<b# y * j*jktt&m*&H*m t , 

nfc p iift^/ y ? AS^##Ji £ , 

3 ] mmn-wmmtx y ? j*mt^®*m-fo 

m*o 30 

^C^bLT^* ~ t £4#m<t-rS!t**M2f25gcCD5g3te 



Stt, 1X1 O 13 atoms • coT 3 7I^ 1 X 1 0 23 atoms • 
cm- 3 (D$5!a rtllfeSriMitS IS 2 tegcCOfg 

m<omm\to. 0175^2. oo/irat7)«t*fe5: 40 
t t-tz> 2 mm<D^m^- 0 

tfifEU— NS^b^y ^A^b^^^^ffi-bf-?^ 

^mmmmtixmto-tzm-'NmmitJjy 

atrial— NMSflstfy ^A^b^w^wi^siiis^ 



y ^i^b^^wst, 

[lt*^l O] 

x. t^tipmcomt^v <?j±^k&vo^mi£ma. 
m mm & m w- 1 z. l t m is s « t> *k -r z> ft ^ & ^ i~ 

[if^trgi 2] ^-©Pl^DfiWI^bl- 

^ p m^mm^mmxmto LTttna^z:^ p 

TtiiD LTffjfESS-hKTM $ P §^b 

^^w^^WLtuts^-PM^b^y v&mt&ifo* 

[it^i 3] mtzm-pmrnttfy vj*mt&®*m 
fcmte. ?m^m.m(D^m%&&fimm^fc^xw.m#) 

[it*^i 4] fltiia^-PSJ^b?tf y *A3Mb£*¥* 
im&mi 5] taiE^-PM^b^y ^^^b^^w 

^^«LT^SC«i:^^m<bi-^iS*rll 2i:fdt 

[»3fcJSl 6] ttJlE^-PS/g-fb^y »A^b^^ 

^l^bLTv^r t%»«fci-5l9*5il 

[iS*^i 7] flfiiam-S^-^p^^ffiStt. 
1 x 1 o 13 ~i x 1 o"w«5irti:*)5r <t^#^i^ 
Sfft*^Si 2^tagc^^3t^o 

m*mi 8] tuis^-PM^b^y ^A^b^^* 

ffiOifll 0. Ol7i;M2. 0 0 ^ m<D%&mXh% 

z t *mmt-tz>m^ 1 2 (rfa^^-^^^-o 
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HU15KJS£rtfcSIIA-r5 *S7 ^<z>«EAft«raE<fc$f:S £ 

[ 0 0 0 1 1 
[000 2] 

it, mcl3 x )t?J* (GaN) , W^^OW V & 

(InGaN) , tWJ^T/i'^^ (G a A I 

N) ^<DmkXy?^it^¥-Mfcfr*abft,X\,^ 0 
[0 00 3] ^hb<o&W*m^xWk£*iiz&R7'< 
^x<D— Mk UTETF, El 7*3 J: 8 Srfflv 

[0004JE17 (a) «oitf^drix^y^Si-«toX 20 
>f KO^f®[g]r-feSo £fcE!7 (b) lid] 7 (a) 

Sr^U ^<DijS!*4{«7 (a) i~*f/£U 2£*6©TSB*» 

[0 0 0 5] HI 7 (a) {C^i-«J: 9l-^5l5^5fe^V^- 

— Ktt, i^rYT. S i 9 ft*3£® 1 l l 3c® 
±te, ^gf B ©GaNJ;!)*:5^s'77ll l 2 (H— 

GaNl) , W a OGaNJ:^j;5^^-tIl 1 3 30 

(^ZGaNl) , itift^NS^Mtt^ K— T'Stbfc 
ifi&fiiN^Jil 1 4 (IHGaNl) > InGaN<fc9 
ft3?£ttJi 115 ( I n G a Nil) . P^^^^ K— 
^tlfcA IGaNll 16, l»PiW^ K 

— ygtltlG a N«fc ■Jftfial'^* (liGaN 
Jl) 1 1 7<73^-fi£SM* s ^{-^^tU"CV>So 

[0 0 0 6] Nm^$6m<D^m.®)Mg£lZ, iHGaNi 
iriol^-Cfi, 1—5X10 18 atoms • cnT 3 U&Xfo V , 



^7U^ K^/K*fe5 1X10 ie atoms 



cm" 



1ST' 40 



CtlCiUMO-CVD (MatalOrg 
anic-Chemical Vapour Deposition) W;%?CD^ffij$,-§:fe 
lz£9Mf&£tlX^Z> 9 ±IE^>«^;»w*5V»XJP = G a N 
/f 1 1 4 f*. MBc 1000—1 10 O^^iS^SJ^I*] 

= 7 (NH 3 ) WTMGa ( h U > ^f^iS \) C -*0 & 
iAtSCiCiU^Ga NJ1 1 1 SSr^fifebfc^, 
r.tutriittUX±IE<O^S:ajCAUfc**S i H* (*> 
71/ XX) S:S5)l:«l&t5:fcl:J:!), N§Pm#>£ 50 



(10. 0 ^HGaNftDlfttO. 1/zm 

[00 0 7] £ - %XW>H-G aN|113 f«5fc, « 

f$fcj&5Sft»-er±ftv\, ^ftfr'fclllfBftfctt^S' 7 

k UT^fi5ci--5^-G a NJf _bK> Nl^WRig 

nt^-t bTBffM^®b^^mfc-r 0 ba»ufttfsfe#&&-e 

?rMUJ:9it5i^(t 0ij^iiH]4 (a) , 

(b) ll^fj; 5 fcl, l-GaNil 1 2M5_hi£f3: > 
tV*-/u2 1 l a*£Cfc0 , Fw«v KSr8E£ bfcG 
a 1 2tfS£C5*§^#*>£, ^ot^ 

jfe^^^V^"— KK*5<^TttU I-GaNil 1 2^ 
flilttl^ro^G aNll 1.3 £r*^-lr/f £ L 

EG a NJ1 1 1 4 Sr^LTV^. 
[0 0 0 8] 

(DTit^^-ti kVXT^ V—y<Dm&&G a Njf 
>\s-7°y Y tmTTZ Z.bktlZ> 0 * fc8fefBfcHw&gff> 

r. t ^3&So iw* s ff < ft* £ . te^ste-fc 
iot, #rit#«roffi**si8Ani-sr.i^tftt>, $ShE 

&f}»3i^ft^;*^co^bS:ffi< Ct^^ftSo 
[0 0 0 9] ^X^m\t±M(D X. o t£?&m. 

its &ik#yvj*m4£&M*m&*m^it&yt? lt '*'(* 
iz.ft<omwMmk*<DWkJ5m*m.&i-z> - ^ ^ § 

[0 0 10] 

[M?r^i--5/ci6(7?^] ^B^tc^^SH^m?- 

wmwmnmtxv v^mit-sw^m 

it, ^f&mmmtmmzfccxmmmmMfabmto-rz 
&®&m~Fz>z.k&qm.k"fz>o 

[00 11] *fc, **MI-*^*365tMlrF^ ^Htf, 
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[0012] m-Nmmikxv ^^mt^^m-^mco 
x&it-rz z t twti bv^„ 

f±, 1X1 0 13 atoms • cnT 3 75S 1X1 0 "atoms • cm 

tfo^mftm^mmno . 017^2. oo »m<Dmmft 

[0 0 14] 3=fc. ^^a^S^^te* 
5Mb-&4&¥#tt:Jg b %m-tZ> Z b k-t&o 

[0015] £biz*&mfcfrfrZ5&ytm=F&. &u 
t. z<Dmm±fc=^v**z/*/\sf$&\££VMj$£ti, 

zztzmmtirz. 

[0 0 16] ^fc, K -5 30 

jcj^fifc $ nfc p ®^4b# y # a m\&ifa ^-m-wm &<p-k 
<th-mmL-, wmpmnrnw}) vj*m4t&®>*m 
itm\z. *&toiRmi>mm\zfczxMt&&tiit)>bmtia-r 
z>mm&m-tz>zb*m%ib-tz> 0 
[ooi7] ttswizfrfoz&ytmwi. s« 

-cUMni LTMlEmr^PM^«ifi^fll^*-eJiAg b-catrfB 

iftlt, ^trfB^n^p^^w*fi!|^ss$:Wb*i 

ib»— pii^k^y ?j*mt^¥mvtm±.^jfm£fr 40 
[0018] -iu^-pM^b^y ^^^b^^fr 

^(DPM^^^^^Mf±^J¥^^CXiI^. ^ 
7W£bv\, tfj^m-^^-^PM^^M^ii, 1 

x 1 o i3 ~i x 1 o^com.fflftiz.b*). mizm-PMm 
v^it-&yd^t$m<nmmi. 0. oim 

2. 0 0 m m^^fflT'foa t SV\ 

[0 0 19] *^^*^-5^^(D^3g^?fe 50 



A^b-&*^iSflcJi*B5±tc^lB K- VfiTtfab bT 

S££*b#y ?j±^fc&®i i Emftm*]&}&-fz>T.m.b*m 

U ^fH&j&^rtt wile 1-5 ->7^^^Aiffl 
&-tZ>Zb*W&b-?Z 0 

[0020] u-koommzx v . &ytm*<omm\zfrfr 
z>*ji'—-ry\**fa±£-&z ) zb&x%, mytm+izte 
vz>fettm&\z&z>m&<Dmii&&j<:zbtfX'$. m 
&m<D£it*m<:z t a«-e# z> 0 

[0021] 

mw<vmi&<vjfm} tzc&iz^ 1 *mmvx*5£w<D 
^yt^s<-< ^(Dffimi'^^xz&w-rzo mi (a) n*. 

a^%^-f-5»3t^*— K^^fffiEIXfeSo 12] 1 
(b) teigi (a) te^Lfc**^W:*— Kfc*5tt3N 

W4^^3&«^^U ^CO^teEI 1 (a) 
i£bX. ^WTffi^bWEEfitSr^bXV^o 
[0 0 2 2] *«WW*3t^^— - KT14t7 7^7J; 
DJfcSiaRl l^ffi-irt-, JglJPO. 0 1/zm~2. 00 

— Ga NI) , J^J¥0. 0 1 Mm~0. 0 5 /imgg, 

N'H»©MM^^-7 * ^7 7^K^/^b 

0IJ*.fc£l X 1 0 13 atoms • cm" 3 gS 
H1X1 O 23 atoms • cm- 3 ^Xit7JD-r§ NS^l K— 
7113 (Ml-h, ;MIIGaNSt»t5. ) , 
mmo. 0 1./im£tl, NM^^^^F^^^^EfM 
0IJ*Lfcf 1 X 1 O 23 atoms • cm- 3 m&(DM 

m^Nmrn i 4 (i£G a nji ) , mo . 0 1 » m~ 

0. 0 3 n m<D I n G a Net "9 ftSfSttJi 1 5 (InG 
a NHf) x ^J^O. 1 /zm~0. 3<jm©Pi^ff) 
K-/$HfcAlGaNil 6, JUilO. 0 5/imWJ: 

<7)iMl'Pl«^ K-7JJifcGa NJ:DftS = 
hi (IISGaNi) 17i5 46QIM$ 

[0 0 2 3] (iSS, ±iSK^bfc«lojglJfli:, 

a NJlf^fefiM^ti: 1X10 13 atoms • c m - 3 iS^± 
Hixi 0 "atoms • cm^^TcoSSfflXfoHff £ < , 

EG a Nlro^SMStts |-GaNl 
©^iftg^b^EG a Nl©^»Mt^LT 

[0 0 2 4] :;t^*«7>M^il/^M 



(5) 
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[0 0 2 5] N^^<WfcB4»f£f2. IHGaNl 
fc*3V>-C 1X10 18 atoms • cm -3 ^^T"fo 9 „ HX G a 
NJttft4aflSW"e^ V $ V ^ K l^/K IHG a N 
Jf {H!)T*te^M#>&l£te 1X10 18 atoms • cnT 3 ^S £ # 

^^{rov^TfiS^wtg^^^xL^nao 10 
^fl^i^^-G a ^mWSM^h^m (®^14 X^ 

[oo26] ^moM&v&fcfc&B (a) x^-rx. 5 

j$S N t°>-^— /u&3§£b#v^rPgoj£$ Sr^Si: b, r. 
tr -/u b v o iHI J5 1£ £ tufc N 

§y«K-^iis *<d'&. &*\z.^mmm8t*±.%-% 20 

m2<Dm (B) Sr#^br^:5gBJco^-c^^M^J{-oV^ 
XfftBj-r^o B (B) -C'/T^5i 5 S^NMP K— 7° 

[0 0 2 7]«iRll K— t^^tf* 5 B£K£ 

$-£s s.^»^iiv^o< r 
H«J 3 

0 2 OH (C) LT*^P^<d£W^lMl-OV^ 

-tra-rs 0 Mi (c) t^$^i9ii, nsj&wk— 

NJlw^ttttMS^jSurv^., :©M1K- 40 
/&fi£iSO«5t£bfctfSfej&gi-5 

[0 0 2 8] x/c, ^pIsOlHllg^gl^^/J'^^ftt-^/c 



[0 0 2 91 K^, 



50 



@2«ftH (D) &#RSLT*:^BJoS2go||JfeMfCo 

^-tf&i^-r-So ^ (D) -e^^tbSJ; ?k:ns!2Bwk— 
^cDi&wkmmm&m'N^nfcx^ z 0 z<dtc^. ±w-<d 

TlS^5lwfcfcoT^i'- TV hOiU^XSSrff^ 

S 0 
H»J 5 

El 5 £#Rg Lfcri* b*^K0^3lO^»!ji3oi/ 

-TSo 1213 (a) te, ^WJ^fflVNT^L-fc^-ft^' 

So El 3 (b) 1*1213 (a) <Dm*&±M**t>fritm 
n-enniti, pffld«8rc*>*o r^x-a^-c^Tt 

V»fc 0 /^--y^lt, RIE (reactive 

ion etching) , R I BE (reactiveion beam etchin 
gh CDE (chemical dry etching) ^CK^^yf 

G a NM 1 4<DcpX / &X\<^Z> 0 
[0 0 3 0] ' w"C\ flMNiG a NJ1 1 4 <Dj?^te 

[0 0 3 1 ] r ©HSgNiG a 1 4 53C 
5 4iCpi®i52^Mt5o ftte* :Hbplffi, 

[0032] zin^KSftfcarF-tt-^?^ h 121 

trfiE)5 (a) II/Tt^-^yr-f V^fe5lS±l§l5 

(b) Ki3*i-**y ^jpvf'-f yw^na, 05 

(a) ^-/^>f^^J:n@5 (b) o#(c^ 

/J^<T^5ff)tJ:^^.U\ 1215 (c) O^ 

H7JJ vZf^v^^7> h^ff^^fetj&S, 1215 
(d) trig] 5 (b) w^iy^sK^-r ^^^^roifflbfc 

KSrfr 5 y K7 5i K7 6 tft-=> 

Ktt#-A#+atl 0 0um~l 2 0umMW 
■StfS* ")i7^i^|Iliy^7iW2 5 um~5 0 u 
m-C*Ftt*»5>T?iba. 1215 (e) fc, 1215 (c) <D7 V 

v^f-vrf-^^iy hSrigffib&*&o±ffiBIS:^i". 121 
5 (e) !&»e>#rt»5J:5fc; /uffl^y K7 5 iifc*E 
bT, JEte^y K7 7, 7 8^j^/js$^TV^So -tb 



(6) 



]&mz tt$C-H8c+ u m <D'< v K X+ftX hZtzthXfo 

\H±ffijj) htiff+ftx-hZfiK 0 5 (e) <Dm\zmfc 
x%tz.mtxy v i*mt&m^Mfc*®i^xmn-tz>o 

Srfft fca^l-^^k LTtMO - C V Dgf«il0 10 

xh% 0 ^isinit *rv])7tfxmjfemv>m l g5 

7, T^~T^V^&0y£i-5El\ TMG (hiJ^ 
fvutfy^-M ^<ZMII M^SrMtSEf 5 8, n 
m K-^y h5 9 Sr^-TSEtf 5 6 , &t>\ v 9 ? 

• 7i>^Kif^6o (i^tm ji^tm &ms-tz> 

^-ofc.a^^i»^5 4 &mixs$tfxtQ>mmw.^ tm 
5 3j5SiH@$n, Jiiewgfeflr^^^^i-sr. ^T'M 20 

[00 3 3] kZ%X\ &$gm<nm^\±. WSMfrtt 

mmM&tmtovxmf&£ntz&&m*^-tz>z txh 

- (D) WTWd7 7^/H^^J^5o 

[0034] ut\z. m4<Dmm*:mi<*xz.<Dj&$ l j?m 

X.&mv&McD 1 p pmJ^T W^ifl ppblt) WO 
2 ^)ifl^6 0Wt5o r.<DMff ^f^W^ft 30 

S i H*«P«>K— t°>-^#*£0J;U*0&if;bDLT 
Ctib^ft-e. E12<D (a) - (D) cOBf 

m.^^m.^^^^yr^^^wt^^ztAmB^x 

HlfeW 7 

m-fZ>o \M6 (a) (i3H?^^£/ + /U^fiCJ:-pT*Sfc 
(7^#Ji Sr^Lfc^^n^Sr^-f 5^^^ 40 

WrffimX$bZ> 0 HI 6 (b) {i, El 6 (a) td*tJ£ U/c3§ 
^i : FWpI^»7°D7 7'l'^Tttl/^o El 

(a) K^J&LTS^b^SE^Sr^bTV^o 
[0 0 3 5] mi^Tn^^tttGaAs/S 
i • I n P /G a A s • G a N/A 1 2 O 3 • G a N/ 
S i • G a N/S iC©i^ ftfl* (D^ 1 n^^-fc-g- 

tP. 

[0 0 3 6] ^II^J^Ttsft^^'te, t77-( r «t t> 
45S«8 1iiJ:l:8liO, 0 1~2. OOumll 50 
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^ B B B fGaN<t:'5/j:^-y77i8 2^ iHO. 0 
1-0. 5umMt*, Be, Mg, CafWpW 

Mx.t£l x 1 0 13 cm- 3 g£j&>b 1 x 1 0 23 cm" 3 

-e^-rs P m^m v-ym 84^, mo. o 

1 H mWlt* p !»©^»IS^^I®^iii8 
mx.\5. 1 x l 0 I8 cm- 3 »b 1 X 1 0 23 cm- 3 
m^^iaig^pSiP 8 5 t. mmO. 0 1-0. 03/i 
migT-, I nG a N«t D ft 5 iSttJi 8 6 JBlJ¥0. 

0 1-2. 0 M raigt\ n^^WS^K-^^n 
fcA 1 G a Nl 8 7 «£ 9 ft5 0 

[0037] ft*s, ±fa<Djg|jp:, ^>6^aiSf*^J6<W 1 

[0 0 3 8] ft, #^<Z)fll^(c:o^-Ctt±IEwaSSfclS 
it&m^XBj&i-ZZ.k1fi»IffeX'1bZ>o MA-WTSffii 1 

te-tJ-TT-^TCDfib,, S iC, G a A s , Si, £fd3l— 
G a Nil li I n ~ A 1 y G a !-<x*y> N, ^t'W—, % 
EG a NttA UGa <!-»> N, ^fc I n G a Njf 5± I 
n X G a <i- x) N, tfcA I G a NJlfitA UGa 
<i-x> N, SfclHGaNililnxAlyGa 
i_oc*v> N (±IB<7>#x, yl±, OtfclilT'fcS. ) 

Kit) tn^nm&-$-z>z t *s-e# s Q 

[00 3 9] 3W»l>-CBI 1 K*5tt5#:3&9J0>3£3fc*''1' 

[0 0 4 0] ttC*tJ:*^7r-i'T3£«l l SraCiC* 
Il> Sft5 0 0g~6 0 0gtMt5o ^^-W 

bOl^^, M^ttT7y^=7 (NH 3 ) S 

9 JR—G aN|12 Sr^"t-S 0 

<73?a^^ ioo o^~ iio o&s£fc:-bj?-£-e\ ±ib 

-tVWcfcS iH 4 (iy^>-7y^) ^^A-^So 

[0 04 1] ZZ. 5 ti-5JRttNSl^#e* 
w^^^^^tct§7jDi-^ct 'w 

Hitart^T-f 5, tW::tGaN|*i 

&hm&Mmmzm)n£-itzz t&xz z> 0 tLtt^nw 
m&*m.mm^mv£^xKm-tz>^\^-$. ->^>-^ 

■&X]&f8,-f2>Wi&\zi-}^ i/9>'tfx<OM&h& : fti$i8k&} 
ic , 4 7c^^^^ ^ x s/ ^ f^li*D $ iirX^i- 5 

[00'42] *36WCW— M<t UTft->'7^iO 
1 p pmiS, »ttft^0-2 0 0 s c c m*£g* 



11 

[0 0 4 3] &iwK/£Sft<aM&£'f&o*:£1^ 

5:tl:i!5 InGaNiWtSo ^CTMAl 
( hi/ >^yVT^5=!?A) <tCp 2 Mg (Mv'^n 
/<^J?x5;i^^J/9A) ^^A-r^^tiCli: (3 P 
I^F^^^A^nfcA 1 G a NJiS:^i-6 0 $ £>K 
TMG a ( N V *3-/lstfV !7-M s NH 3> Cp 2 Mg 
^^A-T?) ^ ^(cj; ^ G a N=»^*^ hm&^ti^tifiZ 10 

[0044] fa, ±.^(Dmmmm\^^x^\z^% 
-if ^Kytfsu *\zo\,*xh*&w &mmx*% 5 Q 

[0 0 4 5 ] ^miZXftte, '&&<D&ytzr/<-l *\Ztd 

GaNl^t5wt^<> ^y77ltiltNl 

K-r^t ittNlM £ &mm&)fc*/ ; 7^tfX<D 20 

s te^&g- ^ «t 5 mm <r> mm & ® c:i 

[0 0 4 6] 30 

X\ mtt&MM<Uik&*$:7£^XMj$.TZ>^ btfXZ 
[0 0 4 7] £fc, ^^I^^^^I^WliJft 40 
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mytyj ?s—h~ commmRv <b) liNi^^o^ 

[EI 2] *^^NlfHK-/IroM^D77^ 

[i3] Ca) tt^b^y !7A^t^^frW»fffi 
EL (b) fi^rtf>_kBEl 0 
[El4] MO-CVDfI^*ti^0 o 

fcox. (a) (b) nma^i7^ir^^$n 

■5«5HF-«r*M-Sft9!Ek (c) li-7x S '^>'f^y^ 
^DPn^g^&^i-SftKEK (d) fi (b) ©9*yS?jH 
>"t* -y ^^^fr^ttfciS^Sr^i-Jiffiia. ( e ) 
(c) oy&i/ 1 ?* V^#fr:bftfc«^&**i--LffiEIo 
[IU6] (a) ttfttt— ^ng^Sr^tp^^flf^^Wfffi 

Ek (b) i4-t<^Pl!^#B«»©7 p n7r'i'^Sr^i~^7 

"7c 

[El 7] (a) fitgJfctfDSStt^V:*-- K£^-r#rl]EK 
(b) lit^NlT^^T'n 7 7-Y yU^/Tt ^7 7 0 

11, ill &m 

12, 112 ^*/7 7l (I-GaNl) 

1 3 K-T'Ji (3?-G a NJg) 

14, 114 Siftt Nil (I=G a NI) 

15, 115 ( I n G a NJi) 

16, 116 AlGaNl 

17, 117 =Hs*i7bM (IIGaNi) 
113 1 1 3 (H~G a Nil) 
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